
1 INTRODUCTION

In the underwater tracking system, target dyna-

mics are usually modeled in Cartesian coordinates,

while the measurements are directly available in

the original sensor coordinates, and often expressed

in polar coordinates. For tracking in Cartesian coor-

dinates using polar measurements, the measurement

conversion method is widely used[1]. The basic idea

is to transform the nonlinear measurement model

into pseudo-linear form in the Cartesian coordinate,

and estimate the bias and covariance of the con-

verted measurement noise, and then use the Kalman

filter. As investigated in[1, 2] , there are some funda-

mental flaws in the measurement-conversion algori-

thms. For convenience, they are listed as follows.

Firstly, the error of the converted measurement is

state dependent; secondly, its covariance is estima-

ted on the conditions of the current measurement;

thirdly, the converted measurement noise sequence
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is not white anymore. However, in the assumptions

of the Kalman filter, the measurement noise is inde-

pendent of the state, and its covariance is uncondi-

tional. As pointed out in[1], these fundamental flaws

were ignored or overlooked in the past. As a result,

they are by no means optimal.

Literature [3, 4] shows that the estimated steady-

state accuracy and the constringency rate can be

improved by using the rate measurement. Aiming at

the practical application of tracking underwater-

target, the rate measurement obtained by sonar is a

relative radial rate, which cannot be used directly,

and the sensor data are color contaminated, in acc-

ordance with AR( 1) process. A new algorithm has

been developed in this paper for tracking under-

water moving-target in Polar-Cartesian coordinate sys-

tems. In comparison with conventional approach, this

paper provides three different ways to address such

issue namely ( i) , an extended measurement vector

( i.e. radial relative rate measurement) is proposed

to improve the estimated accuracy of steady-state

and the constringency rate; ( ii) , an extended state

vector is proposed to improve the state estimation

even the sensor data are color contaminated And

( iii) , a mix Polar-Cartesian coordinate system is

selected to model the target motion and position

measurements from sensor thus avoiding the indes-

cribable problem of measurement noise. A new ex-

perimental scheme of tracking multi-targets in water-

tank environment was presented. Some experimental

results were obtained for different kinds of target

trajectories ( with the same measurement noise) and

the results showed that there was significant imp-

rovement in tracking capability over measurement

conditioned ( MC) approach.

2 EQUATIONS OF TARGET DYNAMIC

The discrete-time equation of target motion can

be expressed by a state variable model[5, 6] :

x( k+1) =!( k+1, k) x( k) +w( k) ( 1)

where

x( k) =[ x( k) , x! ( k) , x" ( k) , y( k) , y! ( k) , y" ( k) ] T

!( k+1, k) =
T( k+1, k) 03×3

03×3 T( k+1, k
! "

)
( 2)

where T( k+1, k) =

1 T ( - 1+"T+e-"T) /"2

0 1 ( 1- e-"T) /"2

0 0 e-"

#
$
$$
%

&
’
’’
(T

,

The covariance of {W( k) } is,

Q( k) =E[ w( k) wT( k) ] =2"#2
a( qij) 3×3 ( 3)

where

q11=( 1- e- 2"T+2"T+ 2"3T3

3
- 2"2T2- 4"Te-"T) /( 2"5)

q12=( e- 2"T+1- 2e-"T+2"Te-"T- 2"T+"2T2) /( 2"4)

q22=( 4e-"T- 3- e- 2"T+2"T) /( 2"3)

3 TRACKING IN POLAR-CARTESIAN

COORDINATE WITH ESTEND ME-

ASUREMENT AND STATE VECTOR

In practical application of tracking underwater-

targets, we can get the nonlinear sensor measurement
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range rate and bearing respectively. Converting the
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target signal generates signals with different delays

and orientation. The transmitted-array is 16m long,

and the interval of array elements is changeable,

which simulate the multi-targets with different orien-

tation.

To simulate the ocean environment, the dimen-

sions of water-tank have been adopted as 20m×8m×

7m. The receiving array is a uniform linear array

with 14 array elements. The DSP system fulfills A/D

transform of many channels and the multi-target

locating and tracking algorithms. The main steps of

test are list as follow:

( 1) Calculate the targets′orientation and echo

delay based on the relative position between the

targets and the tracker, and the generated echo.

( 2) Multi-target signal automatic choose the

emitting-array and emit the signals.

( 3) The incept-array receives echo. The DSP

system estimates the multi-targets′parameters and

fulfills the multi-target tracking.

( 4) If it hits the target or voyage over, then

end, otherwise go back to step 1.

We choose the measurement conditioned ( MC)

approach, which is the best among other top choices

in the class of the measurement conversion method.

They were referred to as unbiased and debaised

methods respectively in[8,9,10]. The comparison results

of the same scenario are presented as follows.

Considering a two-dimensional Cartesian space

with a single sensor located at the origin. Target

sampling period is 2 sec. The original position of

target is ( x( 0) =100m, y( 0) =100m) , the rate ( v=

10kts) , and the bearing (!=45°) . The sensor′s in-

dependent measurement errors give standard devia-

tions !r=0.03* r( m) , !r=17.5* ( millirad) and !r!=

0.05* r! ( m/s) .

The results of experiments are presented in Fig.

2 and Table 1 for the performance comparison the

algorithm presented in this paper to the MC method.

The results indicate that the proposed tracking

algorithm gives significant improvement in tracking

capability over the MC methods.

5 CONCLUSION

A practical application in tracking of moving

target, with extended measurement vector and state

vector recursive filter was presented for linear dy-

namics with nonlinear measurements. This filter is

free of the fundamental flaws of the measurement-

conversion method.

A new experimental scheme of tracking multi-

target in water-tank environment was presented.

The experimental-based comparison of the proposed

method with measurement-conversion techniques ( MC

method) demonstrates the following. In terms of esti-

mated errors and filter credibility, the proposed me-

thod performs significantly over the MC method in

all cases tested; in particular, the proposed method

is always almost perfectly credible in the sense that

the actual estimated errors are consistent with the

filter′s self-assessment. Moreover, the good perform-

ance is achieved without increase of the computa-

tional complexity.

Fig.1 The water-tank experimentation system

Table 1 Mean and standard deviation compare

by three different methods

Method

Position of X ( m)

Position of Y ( m)

Velocity of X ( m/s)

Velocity of Y ( m/s)

Position of X ( m)

Position of Y ( m)

Velocity of X ( m/s)

Velocity of Y ( m/s)

Proposed
Method

2.5337

3.9174

0.0498

0.0533

3.6551

4.0884

0.6485

0.6853

Debaised
MC

6.0766

6.2861

- 0.0601

- 0.0630

13.9007

14.0435

0.9579

0.9611

Unbaised
MC

8.0716

8.0161

- 0.1601

0.1230

16.127

17.015

1.1079

1.2011

Mean

Standard
deviation

Synchronization sample signal

PC( display
synchronization)

Power
amplifier

Multi-target
signal

Multi-target
tracking
algorithm

A/D
DSP

system
14channels

Kemo
filter

R
eceived-array

Transm
itted-array
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